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Use of Compounds for the Treatment of Pain 

This invention relates to use of compounds for the prevention, treatment, or 
amehoration of ischaetnic pain. 

Kaown analgesics include opiates, and ; non-steroidal anti-inflammatory drugs 
CNSAIDs). However, opiates cause undesirable side effects (such as restlessness, 
nausea, and vomiting) and are addictive. NSAIDs cause irritation of the eastro- 
intestinal tract. Other known analgesics include adenosine receptor agonists. 
However, adenosine receptor agonists cause widespread vasodilation with consequent 
hypotension and tachycardia, and selective Al receptor agonists cause bradycardia. 
There is, therefore, a need to provide analgesics that are not addictive and do not have 
serious side effects. 

Spongosine was first isolated firom the tropical m.arine sponge, Qyptotethia crypta in 
1945 (Bergmann and Feeney, J. Org. Chem. (1951) 16, 981, Ibid (1956) 21, 226), and 
was the first methoxypurine found in nature. It is also known as 2-methoxyadenosine, 
or 9H-purin-6-amine, 9-a-D-arabinofiiranosyl-2-methoxy. The first biological 
activities of spongosine were described by Bartlett et al. (J. Med. Chem. (1981) 24, 
947-954) who disclosed that this compound has muscle relaxant,, hypothermic, 
hypotensive, and anti-inflammatory activity (anti-inflammatory activity was 
determined using the rat paw edema model) in rats. 

The affinity of spongosine for the rat adenosine Al and A2A receptors has been 
determined. The Kd values obtained (in the rat) were 340nM for the Al receptor and 
1.4(jM for the A2A recqjtor, while the EC50 value for stimulation of the rat A2A 
receptor was shown to be 3|jM (Daly et al, Pharmacol. (1993) 46, 91-100). hi the 
guinea pig, the efficacy of spongosine was test^ in the isolated heart preparation and 
the EC50 values obtained were 10 \xM and 0.7 jj.M for the adenosine Al and A2A 
receptors, respectively (Ueeda et alj Med Chem (1991) 34, 1334-1339). Because of 
the low potency and poor receptor selectivity of this compound it was largely ignored 
in favour of more potent and receptor selective adenosine receptor agonists. " . ' 
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It has suiprisingly been found that spongosine is an effective analgesic at doses as 
much as one hundred times lower than would be expected to be required based on the 
known affinity of this compound for adenosine receptors. At these doses, spongosine 
does not cause the significant side effects associated with higher doses of this 
compound, or olher adenosine receptor agonists. The activity of spongosine and 
related compounds as analgesics is the subject of International patent appHcation nos. 
PCT/GB03/05379 and PCT/GB04/00935 (unpubhshed at the filing date of the present 
application). 

It has now been appreciated that spongosiue may be effective in the prevention, 
treatinent. or amehoration of ischaemic pain. It is beheved that compounds related to 
spongosine may also be effective against ischaemic pain. 

According to the invention there is provided use of a compound of formula (1) in the 
manufacture of a medicament for the prevention, treatinent, or amehoration of 
ischaemic pain: 



(I) 



NHz 





wherein R is C,^ alkoxy, and X is H or OH. Preferably R is Ci^ alkoxy, and X is 



There is also provided according to the inventiorL a method of preventing, treating, or 
ameliorating ischaemic pain, which comprises administering a compound of formula 
(I) to a subject m need of such prevention, treatment, or ameUoration. 

The term "ischaemic pain" is used herein to mean pain associated with a reduction in 
hlood supply to a part of the body. A reduced blood supply limits the supply of 
oxygen (hypoxia) and energy to that part of the body. Ischaemia arises from poor 
blood perfusion of tissues and so ischaemic pain arises in coronary artery disease, 
peripheral artery disease, and conditions which are characterized by insufficient blood 
flow, usually secondary to atherosclerosis. Other vascular disorders can also result in 
ischaemic pain. These mclude: left ventricular hypertrophy, coronary artery disease, 
essential hypertension, acute hypertensive emergency, cardiomyopathy, heart 
insufficiency, exercise tolerance, chronic heart failure, arrhythmia, cardiac 
dysrhythmia, syncppy, arteriosclerosis, mild chronic -heart failure, angma pectoris, 
Prinzmetal's (variant) angina, stable angina, and exercise induced angina, cardiac 
bypass reocclusion, intermittent claudication (arteriosclerosis oblitterens), arteritis, 
diastoUc dysfunction and systolic dysfunction, atherosclerosis, post 
ischaemia/reperfusion injury, diabetes (both Types I and IT), thromboembolisms. 
Haemorrhagic accidents can also result m ischaemic pain, hi addition poor, perfusion 
can result in neuropathic and inflammatory pain arising from hypoxia-induced nerve 
cell damage (e.g. in cardiac arrest or bypass operation, diabetes or neonatal distress). 

Preferred compounds of formula (I) are 2-methoxyadenosine, 2-ethoxyadenosine, and 
2-butyloxyadenosine. 

Compounds of formula (I) are beheved to be effective in prevention, treatment, or 
ameUoration of ischaemic pain^ even when administered at doses expected to give 
plasma cxmcentrations well below those known to activate adenosine receptors. At 
these doses, it is believed that the compounds do not cause the significant side effects 
associated with administration of highea: doses of spongosine, or other adenosine 
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receptor agonists. 



The amount of a compoimd of formula (I) tiiat is administered to a subject is 
preferably an amount which gives rise to a peak plasma concentration that is less than 
the EC50 value of the compound at adenosine receptors at pH 7.4. 

It will be appreciated that the EC50 value of the compoimd is likely to be different for 
different adenosme receptors (i.e. the Al, A2A, A2B, A3 adenosine receptors). The 
amount of the compound that is to be administered should be calculated relative to the 

lowest EC50 value of the compound at the different receptors. 

' -■■ , 

Preferably the peak plasma concentration is one thousandth to one fifth, or one fiftieth 
to one third (more preferably one thousandth to one twentieth, one hundredth or one 
fiftieth to one fifth, one fiftieth to one tenth, or one tenth to one fifth) of the EC50 
value. Preferably the amount administered gives rise to a plasma concentration that is 
maintained for more than one hour between one thousandth and one fifth, or one 
thousandth and one twentieth, or one hundredth and one fifth, or one fiftieth and one 
fifth, of the EC50 value of the compound at adenosine receptors at pH 7.4. 

For the avoidance of doubt, the EC50 value of a compound is defined herein as the 
concentration of the compound that provokes a receptor response halfway between 
the baseline receptor response and the maximum receptor response (as determined, for 
example, using a dose-response curve). 

The EC50 value should be determined under standard conditions (balanced salt 
solutions buffered to pH 7.4). For EC50 determinations using isolated membranes, 
cells and tissues this would be in buffered salt solution at pH 7.4 (e.g. cell culture 
medium), for example as in (Daly et al, Pharmacol. (1993) 46, 91-100), or preferably 
as in Tilburg et al (J. Med. Chem.' (2002) 45, 91-100). The EC50 could also be 
. determined in vivp by measuring adenosine receptor mediated responses in a normal 
healthy animal, or even in a tissue perfiised under normal conditions (i.e. oxygenated 
blood, or oxygenated isotonic media, also buiffered at pH 7.4) in a normal healthy 
animal. 



Alternatively, the amount of a compomid of formula (I) that is administered may be 
an amount that results in a peak plasma concentration that is one thousandth to one 
twentieth, one thousandth to one third, more preferably one hundredth to one fifth, or 
one fiLftieth to one tenth, of the Kd value at adenosine receptors. 

It will be appreciated that the Kd value of the compound is likely to be different for 
different adenosine receptors (i.e. the Al, A2A, A2B, A3 adenosine receptors). The 
amount of the compoxmd that is to be administered should be calculated relative to the 
lowest Kd value of the compound for the different receptors. 

Preferably the amoimt of the compoxmd that is administered is an amount that results 
ia a plasma concentration that is maintained for at least one hour between one 
thousandth and one fifth, more preferably between one thousandth and one twentieth, 
or one hundredth and one fifth, or one fiftieth and one fifth, of the Kd value of the 
compound at adenosine receptors. 

The Kd value of the compomid at each receptor should be determined under standard 
conditions using plasma membranes as a source of the adenosine receptors derived 
either from tissues or cells endogenously expressing these receptors or firom cells 
transfected with DNA vectors encoding the adenosine receptor genes. Alternatively 
whole cell preparations using cells expressing adenosine receptors can be used. 
Labelled hgands (e.g. radiolabelled) selective for the different receptors should be 
used in buffered (pH7.4) salt solutions (see e.g. Tilburg et al, J. Med. Chem. (2002) 
45, 420-429) to determine the binding affinity and thus the Kd of the compound at 
each receptor. 

Alternatively, the amount of a compoxmd of formula (I) that is administered may be 
an amount that is one thousandth to one fifth, or on<e fiftieth to one third (preferably 
one thousandth to one twentieth, or one hundredth or one fiftieth to one fifth) of the 
minimum dose of the compound that gives rise to bradycardia, hypotension or 
tachycardia side effects in animals of the same species as the subject to which the 
compound is to be administered. Preferably the amount is one tenth to one fifth of the 
minimTmiTibse that gives rise to the side effects. Preferably the amount administered ' 



gives rise to a plasma concentration that is maintained for more than 1 hour between 
one thousandth and one twentieth, or one hmidredth or one jaflieth and one fifth of the 
min i mu m dose that gives rise to the side effects. 

Alternatively, the amount of a compound of formxxla (I) that is administered may be 
an amount that gives rise to plasma concentrations that are one thousandth to one 
fifth, or one fiftieth to one third (preferably one thousandth to one twentieth, or one 
hundredth or one fiftieth to one fifth) of the minimum plasma concentration of the 
compound that cause bradycardia, hypotension or tachycardia side effects in animals 
of the same species as the subject to which the compound is to be administered. 
Preferably the amount gives rise to plasma concentrations that are one tenth to one 
fifth of the minimum plasma concentration that causes the side effects. Preferably the 
amoimt administered gives rise to a plasma concentration that is maintained for more 
than 1 hour between one thousandth and one twentieth, or one hundredth or one 
fiftieth and one fifth, of the minimum plasma concentration that causes the side 
effects. 

It is expected that the amount of a compound of formula (I) that is administered 
shoiild be 0.01 to 15 mg/kg, for example 0.01 to 5 or 10 m^g. Preferably the amount 
is less than 6 mg/kg, for example 0.01 to 2 mg/kg. Preferably the amount is at least 
0.01 or 0.1 mg/kg, for example 0.1 to 2 mg/kg, or 0.2 to 1 mg/kg. A typical amount is 
0.2 or 0.6 to 1.2 mg/kg. 

Preferred^'doses for a human subject (for example a 70kg subject) are less than 420mg, 
preferably at least 0.7mg, more preferably at least 3.5mg, most preferably at least 
7mg. More preferably 7 to 70mg, or 14 to 70mg. 

The dosage amounts specified above are aimed at producing plasma concentrations 
that are approximately one thousandth to one himdredth of the EC50 value of 
spongosine at the adenosine Al receptor. 

The appropriate dosage of a compoxmd of formula (J) will vary with the age, sex, 
weight, and condition of the subject being treated, the potency of the compoimd, and ■ 



the route of adininistration, etc. The appropriate dosage can readily be determined by 
one skilled in the art. 

A compound of formula (I) may be adniinistered with or without other therapeutic 
agents, for example analgesics or anti-inflammatories (such as opiates, steroids, 
NSAIDs, cannabinoids, tachykinin modulators, or bradykinin modulators) or anti- 
hyperalgesics (such as gabapentin, pregabaUn, cannabinoids, sodium or calcium 
channel modulators, anti-epileptics or auti-depressants). 

In general, a compound of formula (I) may be administered by known means, in any 
suitable formulation, by any suitable route. A compound of the invention is preferably 
adniinistered orally, parenterally, sublingually, transdemially, intrathecally, or 
transmucosally. Other suitable routes include intravenous, intramuscular, 
subcutaneous, inhaled, and topical. The amount of drug adiiunistered will typically 
be higher when adonimstered orally than when administered, say, intravenously. 

It will be appreciated that a compoimd of formula (I) may be administered together 
with a physiologically acceptable carrier, excipient, or diluent. 

Suitable compositions, for example for oral administration, include sohd unit dose 
forms, and those containing liquid, e.g. for injection, such as tablets, capsules, vials 
and ampoules, in which the active agent is formulated, by known means, with a 
physiologically acceptable excipient, diluent or carrier. Suitable diluents and carriers 
are known, and include, for example, lactose and talc, together with appropriate 
binding agents etc. 

A unit dosage of a compoimd of the invention typically comprises up to 500 mg (for 
example 1 to 500 mg, or 5 to 500 mg) of the active agent. Preferably the active agent 
is in the form of a pharmaceutical composition comprising the active agent and a 
physiologically acceptable carrier, excipient, or diluent. The preferred dosage is 0.1 to 
2, e.g. 0.5 to 1, typically about 0.2 or 0.6, mg of the active agent per kg of the 
(hxmaan) subject. Preferred amoxmts of the active agent are less than 420mg5 
preferably at least 0.7mg, more preferably at l6ast 3.5mg, most preferably at least 



7mg. More preferably 7 to 70mg, or 14 to 70ing. At these levels, it is beUeved that 
effective treatment can be achieved substantially without a concomitant faU (for 
example, no more than 1 0%) in blood pressure. 

Preferably a compound of formula (I) is administered at a frequency of 2 or 3 times 
per day. 

Use of a compound of formula (I) in the manufacture of a medicament for ftie 
prevention, treatmeat, or amelioration of ischaemic pain, or a method of prevention, 
treatment, or amelioration of ischaemic pain by administering -a compound of formula 
(I) in accordance with the invention may exclude prev^tion, treatment, or 
amelioration of pain resulting from damage caused to organs as a consequence of 
reperflision following an ischaemic episode, for example a myocardial infarct, or a 
stroke. 

Use of a compound of formula (I) in the manufacture of a medicament for the 
prevention, treatment, or amelioration of ischaemic pain in accordance with the 
invention may exclude use of 2-propoxyadenosine, 2-isopropoxyadenosiae, 3' deoxy 
2 methoxyadenosine or 3 ' deoxy 2 ethoxyadenosiiie. 

A method of prevention, treatment, or amelioration of ischaemic pain by 
administering a compound of formula (T) in accordance with the invention may 
exclude use of 2-propoxyadenosine, 2-isopropoxyadenosinej 3' deoxy 2 
methoxyadenosine or 3' deoxy 2 ethoxyadenosine. 

Embodiments of.the invention are described in the following examples with reference 
to the accompanying drawings in which: 

Figure 1 shows the effect of spongosine (0.6 mg/kg p.o.) on A: blood pressure in 
normal rats; B: heart rate; and ^ - - 

Figure 2 shows the change in plasma concentration over time after administration of 
spongosine. 
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Examples 



Example 1 .. , 

Figure 1: Spongosine (0.624 mg/kg p.o.) has no significant effect on blood pressure 
or heart rate. An implantable radiotelemetry device was placed ia the abdominal 
cavity of 6 rats per group. The pressure catheter of the device was inserted in the 
abdominal aorta and two electrodes tunnehsed under the skin in a lead II position (left 
side of abdomiaal cavity/right shoulder). Individual rats were placed in their own cage 
on a radioreceptor (DSI) for data acquisition. A: blood pressure; B: heart rate. 

Example 2 

The EC50 value of spongosine at adenosine receptors (measured at pH7.4) is 
900ng/ml (3 \xM). Figure 2 shows the change in plasma concentration over time after 
adniiaistration of spongosine at 0.6 mg/kg to a rat. It can be seen that the plasma 
concentration remains above 2% of the EC50 value for more than 3 hours. Anti- 
hyperalgesic effects have been observed (without blood pressure changes) when the 
peak plasma concentration is between 1% and 30% of the EC50 value determined in 
vitro. If the peak plasma concentration reaches the EC50 value profound reductions in 
blood pressure occur that last for hours. 



Claims 



1 . Use of a compound of formula (I) in the manufacture of a medicament for the 
prevention^ treatment, or amelioration of ischaemic pain: 



CO 



HO 




wherein R is Ci_4 aUcoxy, and X is H or OH. 



2. Use according to claim 1 at a dosage which, after adinimstration to a subject, 
gives rise to a peak plasma concentration of the compound that is less than the EC50 
value of the compound at adenosine receptors at pH 7.4. 



3. Use according to claim 1 or 2 at a dosage that is one thousandth to one fifth of 
the minimum dose of the compound that gives rise to bradycardia, hypotension or 
tachycardia side effects in animals of the same species as the subject to which the 
compound is to be administered. 



4. Use according to claim 3, wherein the dose is one hundredth to one fifth of the 
minimum dose that gives rise to the side effects. 



. 5. __^^^v Use according to. any -preceding claim jtt a dosage which, after- admiiiistration - 

to a subject, gives rise to a plasma concentration of the compound that is maintained 
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for more than one hour between one thousandth and one fifth of the iiunimmn dose of 
the compound that gives rise to bradycardia, hypotension or tachycardia side effects 
in animals of the same species as the subject to which the compound is to be 
administered. 

6. Use according to any preceding claim, at a dosage of less than 6mg/kg. 

7. Use according to any preceding claim at a dosage of at least O.Olmg/kg. 

8. Use according to any preceding claim at a dosage of 0.2 to Img/kg, 

9. Use according to any preceding claim in the manufacture of a medicament for 
the prevention, treatment, or amelioration of ischaemic pain associated with coronary 
artery disease, peripheral artery disease, left ventricular hypertrophy, essential 
hypertension, acute hypertensive emergency, cardiomyopathy, heart insufficiency, 
exercise tolerance, chronic heart failure, arrhythmia, cardiac dysrh3^thmia, syncopy, 
arteriosclerosis, mild chronic heart failure, angina pectoris, Prinzmetal's (variant) 
angina, stable angina, exercise induced angina, cardiac bypass reocclusion, 

intermittent claudication (arteriosclerosis oblitterens), arteritis, diastolic dysfimction, 

[» 

systolic dysfunction, atherosclerosis, post ischaemia/reperfusion injury, diabetes 
(Types I or IT), thromboembohsms, haemorrhagic accidents, or neuropathic or 
inflanmiatory pain arising fiom hypoxia-induced nerve cell damage. 

10. A method of preventing, treating, or amehorating ischaemic pain which 
comprises administering a compound of formula (I) to a subject in need of such 
prevention, treatment, or amelioration. 

11. A method according to claim 1 0, whereia the compound is administered at a 
dose that gives rise to a peak plasma concentration of the compoimd that is less than 
the EC50 value of the compound at adenosine receptors at pH 7.4. 

12. A method according to claim 10, wherein the compoimd is administered at a 
dose thiat is one thousandth to one fifth ofiiie iftTnirnuni dose of the compound that 
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gives rise to bradycardia, hypotension or tachycardia side effects in animals of the 
same species as the subject to which the dose is to be adnairdstered. 

13. A method according to claim 12, wherein the dose is one hundredth to one 
jBfth of the minimum dose that gives rise to the side effects 

14. A method according to any of claims 10 to 13, wherein the compound is 
administered at a dose that results in a plasma concentration of the compound that is 
maintained for more than one hour between one hundredth and one fifth of the 
minim um dose of the compound that gives rise to bradycardia, hypotension or 
tachycardia side effects in animals of the same species as the subject to which the 
compound is to be administered. 

15. A method according to any of claims 10 to 14, wherein the compoimd is 
administered at a dose of less , than 6mg/kg, 

16. A method according to any of claims 10 to 15^ wherein the compound is 
administered at a dose of at least O.Olmg/kg. 

17. A method according to any of claims .10 to 16, wherein the compound is 
administered at a dose of 0.2 to Img/kg. 

18. A method according to any of claims 10 to 17^ wherein the compound is 
administered oraUy, parenteraUy, sublingually, transdermally, intrathecally, 
transmucosaUy, intravenously, intramuscularly, subcutaneously, topically, or by 
inhaling. ... 

19. A method according to any of claims 10 to 18, wherein the compound is 
administered at a frequeaacy of 2 or 3 times per day. 

20. A method according to any of claims 10 to 19, wherein the subject is a human 
subject. 

t 
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21. A method according to any of claims 10 to 20 for the prevention, treatment, or 
amelioration of ischaemic pain associated with coronary artery disease, peripheral 
artery disease, left ventricular hypertrophy, essential hypertension, acute hypertensive 
emergency, cardiomyopathy, heart insufficiency, exercise tolerance, chronic heart 
failure, arrhythmia, cardiac dysrhythmia, syncopy, arteriosclerosis, mild chronic heart 
failure, angina pectoris, Prinzmetars (variant) angina, stable angina, exercise induced 
angina, cardiac bypass reocclusion, intermittent claudication (arteriosclerosis 
oblitterens), arteritis, diastohc dysfunction, systolic dysfunction, atherosclerosis, post 
ischaemia/reperfusion injury, diabetes (Types I or II), . thromboembohsms, 
haemorrhagic accidents, or neuropathic or inflammatory pain arising from hypoxia- 
induced nerve cell damage. 
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